Summary: 1. A study of the precision of clinical estriol-and total estrogen determinations in late pregnancy urine was carried out in collaboration with 26 clinical laboratories in the Netherlands and one laboratory in Suriname.
Introduction
A study of the precision of estriol-and total estrogendeterminations in pregnancy urine was carried out by the National Institute of Public Health in The Netherlands in close cooperation with 26 clinical laboratories in The Netherlands and one laboratory in Suriname. The object of this study was to obtain information on:
1. intraassay variation; 2. interassay variation in the same laboratory; 3. differences between results obtained with the same method in different laboratories; 4. differences between results obtained by different methods; 5. possible disturbing influences of glucose and/or dilution of the urine.
Originally 48 laboratories participated to the study, but as these 48 participants used 19 different analytical methods, the statistical analysis had to be confined to results obtained with the 3 methods which were used by 5 or more laboratories.
Material and Methods
The composition of the urine samples used is shown in table 1.
The same set of samples was circulated twice, with an interval of 2 weeks. In order to ensure strict objectivity, a different coding of the samples was used per participant and per set; thus a comparison of the results was only possible by the originators of the study.
The samples were prepared in one working day (day 1) using a pool of pregnancy urine collected on the previous day (day 0). The urine pool was not centrifuged and no preservative was added. The estriol-16-glucuronide added to samples 3, 4, 5 and 6 (see table 1 ) was purchased from Ikafarm (Israel).
The samples were stored at 4°C. On the following day (day 2) set I was dispatched; set II was distributed 13 days later (= day 15). In the intervening period the results of set I had been received by the originators of the study 1 ). The pH of the samples stored at 4°C was measured repeatedly during the period of experimentation and was found to be 8.5-8.6.
Tab. 1. Composition of the samples

Number of sample
Composition of sample 1 and 2 pregnancy urine 5* (sample) 3 and 4 pregnancy urine 5 + 20 μπιοΐ/ΐ estriol-16-glucuronide 5 and 6 pregnancy urine 5+40 μηιοΐ/l estriol-16-glucuronide 7 and 8 pregnancy urine 5 + 80 g/1 glucose 9 and 10 Vz volume pregnancy urine 5 and 1 A volume male urine 2* * In a former study (not to be discussed further here), pregnancy urines 1, 2, 3 and 4, and male urine 1 were analysed. The methods used by 5 or more participants per method were the following: (n = number of participating laboratories). (3) . n = 7
The method of Brombacher et l is based on the work of Ittrich (4) . Pregnancy urine is diluted with water (1 : 99). Diluted urine (0.5 ml) is pipetted into a tube, followed by 0.5 ml water and 2 ml 960 g/kg sulphuric acid containing 10 g/1 hydroquinone. The reaction mixture is heated in a boiling water bath for 40 minutes. After cooling in ice, 3.75 ml water are added, the contents of the tube are mixed, then cooled and extracted with 4 ml of an ice-cold 20 g/1 solution of p-nitrophenol in chloroform. After centrifugation, the upper layer is removed and the fluorescence is measured with a Vitatron fluorimeter: excitation 359 nm, fluorescence 577 nm.
The main difference between the methods 'Brombacher' and * Van Kessel' is, that the latter method is fully mechanized. The relatively simple apparatus used is described in the publication of Van Kessel et al (1969) . The sulphuric acid reagent is made by dissolving hydroquinone (20 g) in water (280 ml) followed by the addition of 960 g/kg sulphuric acid, with cooling and stirring, to a volume of 1 1. jHNitrophenol in dichloroethane (20 g/1) is used for extraction. The fluorimeter (Vitatron) is equipped with a mercury lamp, and the spectral line of 546 nm, for excitation of fluorescence is selected by means of an interference filter; the secondary light is measured after passing a filter of 564 nm. I  II  I  II  I  II  I  II  I  II  I  II  I  11  I  II  I  II  I  II  I  11  I   π   I  II  I  II  I  II   I  II   1   73  73  83  84  70  73  99  166  83  93  100  114  12)  78  96  90  77  42  86  114  .  60  190  200  61  68  71  70  64  48  64  58  36  55  53  51  30  51  52  40  13  6  94  110  78  85  83  88  82  93  88  85  140  105   72V 2  63   2   73  75  85  76  83  70  107  144  82   too   97  100  114  81  85  92  73  46  37  62  133  76  115  480  56  74  56  69  55  42  42  60  63  68  46  52  35  66  51  38  9  4  98  106  83  85  86  88  84  86  83  90  115  102   72V 2  72V 2   3   97  101  95  92  96  86  136  170  105  125  100  107  128  97  114  99  83  76  56  139  168  131  168  331  83  91  84  79  54  56  74  78  64  82  .  63  42  81  35  22  7  6  113  129  89   4   101  101  98  101  84  80  158  173  103  113  112  121  137  94  113  105  90  52  113  182  244  195  124  980  74  85  88  90  71  60  45  74  66  85  55  67  22  76  50  31  7  7  116  127  91   5   114  121  125  112  100  92  167  207  126  111  185  153  210  117  125  120  79  67  125  111  92  88  235  401  82  99  112  102  69  70  85  87  81  71  22  80  55  88  47  70  6  6  132  153  111   6   118  123  125  119  108  103  176  235  117  132  131  144  120  107  125  124  71  61  114  116  149  42  165  0  80  102  106  102  101  79  80  93  93  96  74  75  43  82  31  37  8  6  131  153 The standard error is obtained by dividing the coefficient of variation by 5. Only the results of group a were obtained according to the rule that measurement of series of 10 samples should take place within one assay. N.B. Participants "Brombacher 4 and 6" submitted, on a later date, revised results for series II, obtained after a slight modification of the analytical procedure 1 : the estimated coefficients for these revised results are: "Brombacher 4": 1,5%, "Brombacher 6": 2,9%. group a and a group b was necessary. Only the former results (group a) were obtained in accordance with our request that samples belonging to the same set be measured in the same assay.
Intraassay variation
As the standard deviation for the 10 sample replicates per participant (table 2) was found to be roughly proportionate to the level of the results measured, it seemed plausible to work with coefficients of variation.
The coefficients of variation were calculated as follows: For the decimal logarithms of the results listed in table 2, the proper standard deviations were calculated for the variation within sample replicates.
The antilogarithm of each standard deviation minus 1 is, to a first order approximation, equal to the estimate of the coefficient of variation for the participant under consideration. The intraassay variation was generally low in the group working with the mechanized Van Kessel method and in general more marked in the results obtained with the two non-automated methods.
Interassay variation
This effect was studied on the basis of the total percentual recovery. This figure can be calculated from the results obtained, if it can be shown that an adequate.proportionality exists between the percentual recovery of added estriol (= b) on the one hand and the mean result of the samples 1 to 6 (pregnancy urine 5 + 20 μπιοί estriol), which can be considered as a measure for native estrogen, on the other hand (y). table 1 ).
The 2 values for b per set per participant were tested for equality, after which the mean b per set per participant was calculated.
Thereupon the quotient y/b (==Q) per set was calculated for each participant; after testing for equality (set I and set II) the mean value for Q per participant was calculated. If the assumption that an adequate proportionality exists between the recovery of native estrogen (of which y is a measure) and the percentual recovery of added estriol (of which b is a measure) is correct, then all Q's should be statistically equal, at least for results obtained by the same method or by methodologically related (equivalent) methods such as c Van KesseP and 'Brombacher\ The * Van de Calseyde' method however measures the estriol content, whereas the two other methods measure the total estrogen content. Lower values for y could therefore be exp ected with the' Van de Calseyde' method, as in fact were found ( fig. 1 ).
The b value, however, (= the pereentual recovery of added estriol) should be statistically equal for the 3 methods. This is, however, not the case; the b values are generally lower in the ''Van de Calseyde' method. Consequently it could not be demonstrated statistically, that the difference between the specific estriol method on the one hand, and the two other total estrogen methods on the other hand can be ascribed entirely or largely to the fact that the Van de Calseyde method measures estriol, while the other 2 methods measure the total estrogen content: there is in fact no statistically significant difference between the Q values obtained with the 3 methods;
In the further statistical analysis of the results, no distinction was made, therefore, between the results of the 3 methods. The mean Q was used to construct the line in figure 1 . With the aid of this line, the ideal y (= the native estrogen content of pregnancy urine 5 + 20 μπιοί estriol) could be determined. The figure obtained for the ideal y, which we need in order to calculate the percentual total recovery per set as submitted by each participant, is equal to 110 μτηοΐ (estriol equivalents). The individual y's per set per participant are expressed as a percentage of the ideal y; thus for each participant 2 values for the percentual total recovery were obtained. In figure 2 the difference in the percentual total recovery y (set 1 -set 2) per participant is plotted on the abscissa; this difference is either positive or negative.
The number of participants has been plotted on the ordinate, again with a division into group a and group b (compare table 3). The fact that the range of the interassay variation in group a exceeds that in group b is entirely in accordance with expectations. The fairly normal distribution shows that, statistically, there is no detectable difference in estrogen content between the samples of set I and set II. The fluctuation in percentual recovery between two assays in the same laboratory can be important (up to 40 percent).
The results submitted by participants "Van de Calseyde 6 and 9," and of "Brombacher 10 and 11" have been excluded from figure 2 as they were from figure 1. Table 4 gives an impression of the differences in percentual total recovery obtained with the same method in different laboratories.
Interlaboratory variation
For strictly statistical reasons results with a relatively poor intraassay reproducibility ("Van de Calseyde Nos. 5, 6, 7 and 8"; "Brombacher Nos. 9,10 and 11", compare tab. 3) had to be left out of consideration in the subsequent statistical procedure. "Brombacher No. 8", with a comparatively low percentual recovery, differs significantly from the other results in the "Brombacher group" (Dixon's test (5)). Subsequently information was received about the special position of the laboratory concerned, which justifies the exclusion of this result from the statistical calculation.
The interlaboratory variation of the 3 groups under investigation appears to exceed significantly the expectations based on the two sources of variation (intra-and interassay variation), that have already been discussed. This leads to the conclusion, that a significant interlaboratory variation is present.
The statistical calculations carried out were as follows: For each participant belonging to group a, the square of the difference between the two estimated percentual total recoveries for set I and set II is calculated; the sum of these squares divided by 24 (= 2x number of participants considered) equals 130, which is a measure of the variance due to both intraassay and interassay variation. From the total percentual recoveries per participant (tab. 4) we calculated, for each of the 3 methods separately, the sum of squared deviations from the mean. Pooling the tliree sums of squares, the figure 315 is obtained, a value to which 14 degrees For the glucose-containing sample pair, we tested the extent to which the mean result differed significantly from the observed estriol content of the original urine per dispatched series and per participant. An analogous procedure was applied to the diluted sample pair (original urine diluted 1 : 2), accounting for a factor 2. In the methods based on thtlttrich principle, glucose proved to be a disturbing factor. We may conclude that dilution of the urine did not interfere with the analytical methods.
Discussion
Our study was carried out in order to pave the way for adequate quality control; it resulted in information as to the causes of unreliable results as well as in suggestions for improvement. S-= significantly lower than original urine (7, 8) or */2 * original urine (9,10) S+ = significantly higher than original urine (7, 8) or */2 x original urine (9, 10) Participants "Van de Calseyde 9" and "Brombacher 10 and 11" have been excluded from the calculation in view of very poor reproducibility (see table 3 ).
can yield differences in results in different assays, which substantially and significantly exceed those which could be explained by the reproducibility within one assay. This source of uncertainty may effect in an unacceptable way the diagnostic value of serial estriol (or total estrogen) determinations in one patient. According to Kuss (6) the practicability of estrogen determinations in pregnancy urine is impaired, if the day to day coefficient of variation exceeds 5 per cent.
Strict control of experimental conditions in the individual laboratories is therefore recommended in order to diminish the interassay variation.
2. With respect to differences between results obtained with the same method in different laboratories the following can be said:
Even during the investigation itself a need for a more detailed description of methods was felt by several participants. The desirability of the use of a common standard preparation (preferably estriol-16-glucuronide) was also emphasised. There was also the question of the quality of reagents, which was by no means the same in all the participating laboratories. It was felt that several measures could be taken in order to diminish the interlaboratory differences between laboratories working with the same or comparable methods.
3. The difference in results obtained by methods based on the Ittrich (4) principle on the one hand and the specific gas Chromatographie method for estriol on the other hand, which was not exclusively or largely attributable to the difference between estriol-and total estrogen content, may be the result of incomplete enzymatic hydrolysis (see Graef& Fuchs (7)) and/or losses during the purification procedure. If it is a question of variable losses, the diagnostic value of serial estriol determination in one patient may be impaired. Recovery experiments with conjugated and free estriol could be used to determine the origin of these losses. 
